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Introduction {#s1}
============

Metabolic syndrome (MetS) consists of elevated risk factors for heart disease, abdominal obesity, hypertension, glucose intolerance, and dyslipidemia ([@R1]). The other diagnostic factors are hypertension (HTN), high triglycerides (TG), and low high-density lipoprotein (HDL) ([@R2]). This syndrome has spread all over the world and is now known as a public health dilemma ([@R3]-[@R6]). Globally, 20% to 25% of adults already have MetS ([@R7]). It has been reported that MetS has extremely high prevalence in Iran. For example, the Tehran lipid and glucose study ([@R7]) has shown that MetS prevalence is 42% and 24% among Iranian women and men, respectively ([@R7]).

Obesity is known as the most important cause of MetS incidence ([@R8]). White adipose tissue (WAT) has a critical role in energy storage and also functions as an "endocrine organ" by secreting adipokines, which can effect energy homeostasis maintenance, appetite, satiety, glucose, and lipid metabolism by regulating insulin activity, energy metabolism, glucose storage, and long chain fatty acid (LCFA) uptake via both endocrine and paracrine mechanisms ([@R9]). Hormonal signals to the white adipose tissue, such as spexin, might underpin the MetS development ([@R10]-[@R12]). Comparing gene expression in non-obese versus obese human omental and subcutaneous fat confirmed that energy homeostasis-associated gene (Ch12:orf39) is the most down-regulated gene in obese white adipose tissue ([@R12]).

Spexin was discovered by Mirabeau et al in 2007 ([@R13]). It is encoded by the Ch12:orf39 gene that is expressed in different body tissues ([@R14]-[@R16]). Spexin plays a major role in obesity by regulating energy and appetite, controlling feeding behaviours, decreasing O~2~ consumption, CO~2~ production, respiratory exchange ratio (RER), energy expenditure (EE), and increasing locomotion, inhibiting LCFA uptake into adipocytes, suggesting spexin may be a key player in MetS development ([@R17]). In addition to its effects on weight regulation, spexin is related to central nervous system (CNS)-mediated control of salt and water balance and arterial blood pressure. Therefore, potentially contributes to the progression and development of metabolic diseases ([@R18], [@R19]).

Leptin, an adipocytokine, plays a critical role in regulation of food intake ([@R20]), energy expenditure ([@R21]), and body weight ([@R22]), hence leptin resistance is an early manifestation of MetS ([@R23]). Serum leptin levels in patients with MetS are higher than that those in healthy participants ([@R24]). Increased leptin level predicts MetS development independent of obesity ([@R25]). It seems that spexin and leptin may play antagonistic roles in regulation of body weight and adiposity, and due to their negative correlation in the serum of normal-weight participants and obese patients, low spexin and high leptin serum levels may contribute to MetS development ([@R13], [@R17]).

To date, spexin and leptin have not been studied in obese patients with MetS and obese patients without MetS or normal-weight individuals, thus their possible role in MetS is unknown. The aim of this study was to investigate the hypothesis that serum circulating level of spexin differs between patients with MetS and those age, sex, and BMI matched controls.

Methods {#s2}
=======

Participants {#s2-0-1}
------------

This was a case-control study with 51 cases and 102 controls in 2 groups. The differences in the mean levels of waist to hip ratio was expected to be at least 5% with the standard deviation of 0.14 in the case and control groups. Therefore, the desired power was set at 0.8 to detect a true effect ([@R26]). The cases were patients newly diagnosed with MetS (based on the ATPIII panel criteria ([@R27]), with the BMI of ≥25 (body mass index), who had never received medications. They were recruited from patients who had referred to the Endocrinology Center of Tehran University of Medical Sciences. The control groups were age and gender matched to the cases, and consisted of 51 overweight/obese individuals without MetS and 51 normal-weight individuals selected from those attending the Endocrinology Center for routine medical care. BMI was matched between the 2 overweight/obese groups with/without MetS. Exclusion criteria for all 3 groups were pregnancy, lactation, suffering from any kind of cancer, liver disorder, kidney disorder, blood disorder, uncontrolled thyroid disease, and ischemic heart diseases, using medication for modifying serum lipids and glucose, sedative or hypnotic drug, antihistamine, immune system inhibitors and following any special diet under the supervision of a dietician, being a professional athlete, and smoking at least once a week.

Anthropometric and general information {#s2-0-2}
--------------------------------------

The research protocol of the study was reviewed and approved by the scientific research committee of Tehran University of Medical Sciences. Demographic information was obtained after obtaining written informed consent from each participant. Participants were weighed and measured with light clothing and without shoes using a Seca™ (Hanover, MD) portable scale. Also, body composition was assessed using BIA (bioelectrical impedance analysis) and a wall-mounted stadiometer. Waist circumference (WC) was measured using a flexible anthropometric tape midway between the iliac crest and lower rib margin. BMI was calculated by the ratio of weight (kg) to height squared (m^2^) ratio. Diastolic blood pressure (DBP) and systolic blood pressure (SBP) were measured using GAMMA oscillo-metric method after the patients rested for at least 10 minutes in relaxed and seated position. Measurement was repeated 2 times and the average was reported.

Biochemical analyses {#s2-0-3}
--------------------

Blood samples were collected after 8-12 hours of fasting and 20 minutes of supine rest. Venous blood was drawn into EDTA tubes and centrifuged at 4^o^C p; then, plasma was frozen at -80^o^C until biochemical analyses were performed. Fasting blood sugar (FBS) was measured using an automated glucose oxidase method (Automatic Analyzer 2700, Olympus, Japan). Triglyceride (TG), serum total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), and high-density lipoprotein-cholesterol (HDL-C) were measured using enzymatic methods.

Spexin and leptin {#s2-0-4}
-----------------

The spexin serum concentration was measured by a commercial ELISA kit (Cat \# CSB-EL003071HU) purchased from Phoenix Pharmaceuticals (Burlingame, CA). The assay recognizes natural human and recombinant spexin. No significant interference or cross-reactivity was observed. Test range was 62.5-4000 pg/mL. The sensitivity of the assay was 15.6 pg/mL, and the interassay and intraassay coefficients of variation (CV) were less than 10% and 8%, respectively. The enzyme-linked immune-sorbent assay (ELISA) was used to measure serum leptin levels using a Mediagnost Kit (Reutlingen/Germany). The assay was conducted according to the manufactures\' instruction.

Statistical analysis {#s2-0-5}
--------------------

Data were represented with mean and standard deviation for quantitative variables and frequency and percentage for qualitative variables. The normality of the variables distribution was examined using one-sample Kolmogorov-Smirnov test. To compare the means of the normal distributed variables in the case and control groups, one-way analysis of variance (ANOVA) test was performed and non-parametric Kruskal-Wallis test was used to compare the distribution of the variables that were not normally distributed. In addition, to compare the means of the normal distributed variables within groups, Tukey post hoc test was used and Mann-Witney U test was performed for the variables that were not normally distributed. Also, Pearson correlation was used to evaluate the linear correlation between spexin and body composition indices. Moreover, multiple linear regression models were used to assess the association between spexin, leptin, and related factors. A stepwise backward elimination process was performed to construct the final model. At first, all variables with p-value of \<0.20 were entered into the model; then, variables were eliminated according to the LRT (Likelihood Ratio Test) until no more variables could be removed by LRT. The receiver operator characteristic curve (ROC curves) was used to determine the appropriate cutoff point of spexin with highest sensitivity and specificity in diagnosing MetS. A 2-tailed p value \< 0.05 was considered statistically significant for all analyses. Statistical Package for the Social Sciences (SPSS) software, version 24 (SPSS Inc., Chicago, IL, USA) was used to perform the analyses.

Results {#s3}
=======

Participants {#s3-0-1}
------------

MetS characteristics and general characteristics of study population are demonstrated in [Table 1](#T1){ref-type="table"}. Most participants in all groups were men. In terms of age, sex, and height status, no statistical significance was observed between the 3 groups (all p values were less than 0.05), indicating that the matching was successful. No significant difference was found between the first and second groups (p=0.281). MetS components, including blood pressure, TG, FBS, and WC were significantly higher among MetS patients compared to both overweight/obese without MetS and normal-weight control participants, while HDL-C was the lowest in case patients (p\<0.001).

###### Characteristics of the participants

  --------------------------------------- ----------------------------- -------------------------------- ----------------------------- --------------- ----------- ---
  Variables                               Overweight/obese with MetS\   Overweight/obese without MetS\   Normal-weight without MetS\   Total           p           
                                          (n=51)                        (n=51)                           (n=51)                                                    

  Gender                                  Male, n (%)                   44 (86.3)                        44 (86.3)                     44 (86.3)       132         1

                                          Female, n (%)                 7 (13.7)                         7 (13.7)                      7 (13.7)        21          

  Age, years                              37.47±6.50                    36.94±6.4                        35.93±6.37                    36.78±6.40      0.409       

  Body weight, kg                         92.50±13.32                   13.73±89.19                      6.80±69.13                    15.58±83.61     \<0.001     

  Height, cm                              7.74±171.49                   7.03±172.26                      6.83±171.18                   7.18±171.64     0.572       

  BMI, kg/m^2^                            31.43±3.72                    29.95±3.60                       23.65±1.43                    28.34±4.57      \<0.001\*   

  Waist circumference, cm                 8.16 105.09                   11.35 100.20                     7.0±87.02                     11.7997.44      \<0.001     

  Hip circumference, cm                   107.91±7.44                   106.65±6.23                      96.83±4.19                    103.77±7.83     \<0.001     

  Clinic systolic blood pressure, mmHg    11.76±121.20                  8.62±113.80                      12.22±111.37                  11.69±115.46    \<0.001     

  Clinic diastolic blood pressure, mmHg   9.12±80.80                    6.68±75.71                       8.38±74.14                    8.56±76.88      \<0.001     

  FBS, mmol/L                             37.39±116.25                  20.40±97.80                      7.63±95.24                    103.10±26.49    \<0.001     

  Triglycerides, mmol/L                   203.60±266.3                  87.45±131.05                     67.87±117.56                  149.02±171.64   \<0.001     

  HDL, mmol/L                             8.35 50.33                    5.61 54.31                       9.20 54.31                    53.24±8.09      0.010       
  --------------------------------------- ----------------------------- -------------------------------- ----------------------------- --------------- ----------- ---

Values are means ± SD except for gender; blood was drawn, and clinic blood pressure was measured from participants after a 10-hour fast. The significance level is ≥ 0.05. FBS, fasting blood glucose; HDL, high-density lipoprotein, \*BMI was significantly different among all 3 study groups (p\<.001) except for the first and second groups (p= 0.281).

Body composition {#s3-0-2}
----------------

The mean of anthropometric measurements, including the total and regional body composition of the 3 groups, are displayed in [Table 2](#T2){ref-type="table"}. The overweight/obese groups with/without MetS had a significantly higher total and regional body fat and lower free fat mass compared to the normal-weight group (p\<0.001), while no significant differences were observed for body free fat and fat mass between the MetS group and the overweight/obese without MetS group (p=0.939).

###### Comparison of the total and regional body composition among case and control groups

  ------------------------------ ----------------------------- -------------------------------- ----------------------------- ---------
                                 Overweight/obese with MetS\   Overweight/obese without MetS\   Normal-weight without MetS\   p
                                 (n=51)                        (n=51)                           (n=51)                        

  SD± Mean                       SD± Mean                      SD± Mean                                                       

  Free fat mass(%)^a/b^          72.9±6.2                      74±6.6                           80.6±6                        \<0.001

  Fat mass(%)^a/b^               27.1±6.2                      25.9±6.6                         19.4±6.1                      \<0.001

  Trunk fat (%)^a/b^             28.9±5.4                      27.9±6.4                         20.6±6                        \<0.001

  Right hand fat mass (%)^a/b^   26.1±8.4                      25.2±7.7                         18.5±6.2                      0.001

  Left hand fat mass (%)^a/b^    26.9±8.5                      26.2±7.9                         19.1±6.6                      \<0.001

  Right leg fat mass (%)^a/b^    24.2±7.9                      22.7±7.9                         17.4±7.2                      \<0.001

  Left leg fat mass (%)^a/b^     24.7±8.9                      22.9±7.7                         17.6±7                        \<0.001

  Leptin(ng/ml)^a/b^             14.1±12.4                     11.2±9.3                         7.1±7.1                       0.002

  Spexin(ng/ml)^a/b^             2.7 ± 1.72                    2.6 ± 1.82                       9.8 ± 5.21                    \<0.001

  spexin/leptin^a/b^             0.2±0.09                      0.3±0.75                         1.7±0.73                      \<0.001
  ------------------------------ ----------------------------- -------------------------------- ----------------------------- ---------

Values are analyzed by one--way ANOVA

^a^Group1 vs. Group2 is significant; p≤0.05

^b^Group1 vs Group3 is significant; p≤0.05

^c^Group2 vs. Group3 is significant; p≤0.05

Spexin and leptin {#s3-0-3}
-----------------

The mean concentration of serum spexin was significantly higher in normal-weight participants (9.86±5.21) compared to overweight/obese groups with MetS (2.73±1.72) and without MetS (2.59±1.82) (p\<0.001). However, the mean serum spexin concentration was not significantly different between the overweight/obese groups with/without MetS (p=0.655) ([Graph. 1](#F1){ref-type="fig"}).
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A significant difference was seen in leptin levels of overweight/obese patients with and without MetS groups and normal-weight participants (p=0.037). Leptin levels were higher in patients with MetS (14.06±12.4) compared to overweight/obese without MetS (11.2±9.3) and normal-weight without MetS (7.09±7.1), respectively (p=0.002) ([Graph. 1](#F1){ref-type="fig"}). In addition, the trend of spexin and leptin, according to the number of MetS components, are also shown in [Graph. 2](#F2){ref-type="fig"}.
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Receiver operator characteristic curve (ROC curve) and area under the curve (AUC) for determining the ability of spexin in diagnosing obesity/overweight from normal-weight participants are shown in [Graph 3](#F3){ref-type="fig"}. The area under the ROC curve was 0.89 for spexin levels (p\<0.001). For the cutoff value of 4.6, the sensitivity and specificity values of spexin levels were 78% and 82%, respectively. ROC curve was also used to determine the ability of spexin in diagnosing MetS from normal-weight participants ([Graph 4](#F4){ref-type="fig"}). The area under the ROC curve was 0.87 for spexin levels (p\<0.001). For the cutoff value of 4.35, the sensitivity and specificity values of spexin levels were 0.78.
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Relationship between Spexin and related factors {#s3-0-4}
-----------------------------------------------

There was a negative linear association between serum spexin concentration with age, serum leptin levels, waist circumference, BMI, SBP, DBP, FBS, TG, basal metabolic rate, fat mass, and trunk fat (all P\<0.05), but a trend of positive linear association with HDL (P=0.057) and a positive linear association with fat free mass (P\<0.001) [Table 3](#T3){ref-type="table"}.

###### Multiple linear regression for assessing an association between spexin and related factors

  ---------------------- ------------ ------------ ------------- ------------- --------- --------- --------- ---------
  Variables              Model 1^a^   Model 2^b^   Model 3 ^c^   Model 4 ^d^                                 
  Β                      p            Β            p             Β             p         B         p         
  Leptin                 -0.095       0.01         -0.053        0.277         0.083     0.051     0.084     0.037
  Age                    -0.037       0.543                                                                  
  Gender                 4.94         \<0.001                                  9.372     \<0.001   7.164     \<0.001
  Group 1                -7.311       \<0.001      -3.769        \<0.001       -9.440    \<0.001   -9.205    \<0.001
  Group 2                -7.095       \<0.001      -3.532        \<0.001       -10.922   \<0.001   -10.744   \<0.001
  Waist circumference    -0.144       \<0.001      -0.126        \<0.001       0.042     0.327               
  BMI                    -0.398       \<0.001      -0.413        \<0.001       0.212     0.148     0.307     0.018
  SBP                    -0.136       \<0.001      -0.111        \<0.001       -0.079    0.010     -0.070    0.001
  DBP                    -0.130       0.004        -0.107        0.012         0.026     0.550               
  FBS                    -0.036       0.014        -0.032        0.024         -0.004    0.627               
  TG                     -0.007       0.009        -0.006        0.029         0.001     0.635               
  HDL                    0.090        0.057        0.054         0.249         -0.007    0.823               
  MetS component         -1.077       \<0.001      -1.071        \<0.001       0.685     0.40      0.794     0.005
  Basal metabolic rate   -0.002       \<0.001      -0.002        \<0.001       -0.003    0.270               
  Fat mass               -0.104       0.027        -0.173        \<0.001       -0.831    0.001     -0.833    0.001
  Fat free mass          0.222        \<0.001      0.214         \<0.001       0.451     0.226               
  Trunk fat              -0.237       0.003        -0.262        0.001         1.379     \<0.001   1.346     \<0.001
  ---------------------- ------------ ------------ ------------- ------------- --------- --------- --------- ---------

[Study groups include]{.ul}control group, normal-weight without MeS (Group 1), overweight/obese without MetS (Group 2), overweight/obese with MetS.

^a^ Unadjusted effect of variables

^b^ Adjusted for demographic variables such as gender, age, marital status, and educational level

^c^ Adjusted model (all variables, with p-value \< 0.2, entered the model such as leptin, age, gender, group1, group2, waist circumference, BMI, SBP, DBP, FBS, TG, HDL, MetS component, BMR, fat mass, fat free mass, trunk fat).

^d^ Multivariable backward linear regression model.

Discussion {#s4}
==========

In the present study, the concentrations of serum spexin and leptin and body composition (fat mass, fat-free mass) were compared among patients with MetS and 2 control groups. This study provided evidence that suggests a negative correlation for serum spexin and a positive correlation for serum leptin levels and occurrence of obesity, but no significant link between circulating spexin and leptin levels and MetS.

In this study, although the obese participants without MetS had an unhealthy serum leptin level and body composition, in terms of MetS components, including high FBS, HDL, TG, and blood pressure, they were in a healthy status. This suggests that the difference in leptin concentration and body compositions may not be a diagnostic criterion for a normal metabolic status in healthy obese individuals and other factors, including endocrine factors, may affect this disorder. Limited data are available on the association between spexin levels and metabolic disorders ([@R16], [@R17]).

In the present study, lower serum concentration of spexin (4.60 ng/mL) in the obese groups compared to the normal-weight participants suggested that the serum concentration of spexin may play a potential role in obesity treatment and prevention. Our data supports the previous finding ([@R13]) that showed approximately 10% reduction in the mean of serum spexin concentration of obese patients compared to normal-weight participants (1.1±0.7 vs 11.6±1.3 ng/mL; obese vs nonobese) ([@R17]). These correlational studies could not find whether low spexin levels cause the increase in obesity or whether obesity reduces spexin levels. Previous studies illustrated that spexin may affect obesity regulation by different mechanisms, including increasing locomotors activity and RER, decreasing carbohydrate consumption and increasing lipid oxidation, decreasing lipogenesis, and changing feeding behavior by decreasing meal consumption ([@R17]). In goldfish, spexin stimulated satiety as a result of central alteration ([@R18]) and controlled blood pressure through the central mediators ([@R16]).

Obesity is considered as the most critical risk factor of MetS ([@R8]). Considering the protective role of spexin in obesity, a hypothesis is proposed that spexin may be an important defense mechanism against developing MetS in patients with obesity. If serum spexin does not remain higher than 9.86±5.21 ng/mL, MetS may develop along with obesity. To test this hypothesis, spexin was measured in healthy overweight/obese participants and in those who were suffering from MetS. The findings of this study showed no significant difference in the serum spexin concentrations among both overweight and obese groups, indicating that the simultaneous presence of obesity and MetS compared to the mere presence of obesity is not associated with reduced levels of spexin and that serum spexin levels are not directly correlated with MetS incidence in overweight/obese participants. Future studies with longitudinal design are needed to observe the changes of spexin over time, which coincide with the development of obesity and elements of the MetS, to clarify the potential role of spexin in MetS.

Unusual body composition in obese patients is one of the important reasons of metabolic disorders ([@R28]). Findings of this study, for the first time, suggest that there is a negative and positive correlation between fat mass index and free fat mass index, respectively, with serum spexin level. In contrast, there is no difference between overweight/obese groups in serum spexin concentration and body composition components. This outcome suggests that measuring serum spexin along with body composition may provide a better evaluation for obesity.

Conclusion {#s5}
==========

This study indicated that the serum spexin concentration is not correlated with MetS. However, the lower serum concentration of spexin in normal-weight adults, compared to that in obese counterparts, identifies it as a potentially protective agent against obesity development. If this casual link is correct, then, administration of spexin or pharmaceuticals that promote its production may be a novel approach for prevention or treatment of obesity.
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